Coquillett mosquitoes or by injecting birds with the corticosteroid dexamethasone or the immunosuppressant drug cyclophosphamide before and after inoculation with western equine encephalomyelitis or St. Louis encephalitis viruses. Mosquito bites (8 Ð37 females blood feeding on each bird over a 3-d period) did not enhance the viremia response or increase the frequency of chronic infection. In contrast, dexamethasone and cyclophosphamide enhanced the amplitude and duration of the viremia response, but had no consistent effect on the antibody responses as measured by enzyme immunoassay or plaque reduction neutralization assay. Elevated viremias were followed by increases in the frequency of chronic infections with St. Louis encephalitis, but not western equine encephalomyelitis. Immunosuppression may provide a useful tool to study the chronic infection process of ßaviviruses in vertebrates.
MECHANISMS ENABLING the persistence and long distance movement of the North American mosquitoborne encephalitis viruses remain poorly known, despite continued investigation for Ͼ50 yr. We have been investigating the hypothesis that during the summer transmission season, birds acquire chronic infections that persist through winter and then relapse the following spring, enabling virus overwintering. This mechanism has been proposed to explain the persistence of encephalitis viruses , Crans et al. 1994 and avian malaria at temperate latitudes (Applegate 1970 , Beaudoin et al. 1971 . Data that support such a mechanism for the encephalitis viruses include the occasional detection of virus in chronically infected birds following experimental infection (Reeves et al. 1958 , Reisen et al. 2001 , the isolation of Turlock virus from house Þnches collected during winter (Hardy and Reeves 1990) , the isolation of virus from resident birds before isolation from vector mosquitoes (Crans et al. 1994) , and the genetic similarity of virus strains isolated during years with sequential activity (Kramer et al. 1997 , Kramer et al. 1998 .
Chronic infections would seem necessary to explain the long distance dispersal of viruses to new or inactive foci by migratory birds (Rappole et al. 2000) . Recently West Nile (WN) virus was isolated from four dead hatching year white storks collected in Israel during their southern migratory ßight, but these infections were presumed to be acute and recently acquired (Malkinson et al. 2002) . Previous studies in North America recovered apparently acute infections of eastern equine encephalomyelitis (EEE) and Highlands J viruses in migrants moving south during late summer (Downs et al. 1959 , Stamm and Newman 1963 , Lord and Calisher 1970 as well as South American strains of EEE in birds moving north into the Mississippi ßyway (Calisher et al. 1971 ). Attempts to detect natural relapses in wild birds using xenodiagnosis with mosquitoes ) and/or sequential bleeds on experimentally infected birds that had been kept over winter under ambient conditions (Reisen et al. 2001) have been unsuccessful.
Immunocompetence may play an important role in regulating the course of acute encephalitis virus infection, establishing chronic infections, and stimulating relapses. Our current study tests the hypothesis that immunosuppression enhances the acute phase of virus infection and thereby increases the frequency of chronic infection in avian hosts. Factors known to alter the immune status of birds include hormonal changes associated with territory defense, mating and molting (Weatherhead et al. 1993, Zuk and McKean 1996) and possibly coinfection with other parasites such as malaria (Barnett 1956 ).
Investigation of chronic infection in birds is characteristically tedious and often compromised by the low frequency of chronic infections following experimental infection. In our unpublished avian host competence surveys, for example, chronic infections have been detected infrequently (5% of 307 experimentally infected birds), and one recent year long experiment failed because none of the birds developed chronic infections (W.K. Reisen et al., unpublished data) . In this experiment, 45 house Þnches were infected with SLE, of which 43 developed a viremia (titer range 1.4 Ð5.7 log 10 plaque-forming units [PFU]/0.1 ml) and/or neutralizing antibody (titer range 1:20 Ð1:80). The following summer, surviving birds were immunosuppressed by cyclophosphamide treatment and then tested for virus relapse by standard plaque assay, reverse transcriptase-polymerase chain reaction (RT-PCR), and xenodiagnosis by feeding Cx. tarsalis females on birds post treatment; all samples except positive controls were negative. All these birds were negative at necropsy, indicating that none had developed chronic infections.
In the current paper, we attempted to enhance virus infection and establish chronic infection in house Þnches (Carpodacus mexicanus) by altering their immune status using repeated mosquito feeding or injections of dexamethasone or cyclophosphamide. Previously, the pharmacological properties of mosquito saliva was shown to potentiate the infection of laboratory mice with Cache Valley (Edwards et al. 1998) and vesicular stomatitis (Limesand et al. 2000) viruses. Our study used blood feeding by vector mosquitoes. Dexamethasone injections have been used to enhance parasitic infections experimentally in small mammals (Thawley et al. 1984 , Sukura et al. 1991 and chickens (Isobe and Lillehoj 1993) . ArtiÞcially increasing the level of glucocorticoids may simulate stress associated with territoriality (Brown 1975) . This approach was used to stimulate malaria relapses in house sparrows (Applegate 1970 ) and potentiate Keystone virus infection in cotton rats (McLean 1982) . Cyclophosphamide treatment has been used to enhance WN (Camenga et al. 1974) and Junin (Barrios et al. 1985) virus infections in mice and Newcastle virus infection in chickens (Russell et al. 1997) by altering the immune system (Fulton et al. 1996) and has enhanced the establishment of chronic infections (Cote et al. 1992) . Treatment with cyclophosphamide may simulate a general decline in immunocompetence.
House Þnches were selected as a representative passeriform host, because they frequently are infected naturally with encephalitis viruses (Reisen et al. 2000c) , are relatively easy to maintain in captivity, produce elevated viremias after infection with both western equine encephalomyelitis (WEE) and St. Louis encephalitis (SLE) viruses Reeves 1990, Reisen et al. 2000b) , and occasionally develop chronic infections , Reisen et al. 2001 . The impact of the above treatments on the infection process was monitored by measuring house Þnch survival, viremia, antibody titer, and the frequency of chronic infection. Natural malaria infection was monitored concurrently as an indication of immunocompetence, because treatment with steroids (Applegate 1970) and cyclophosphamide (Reisen et al. 2001) previously stimulated the relapse of natural infections and/or increased parasitemias.
Materials and Methods
Birds. Adult house Þnches (Carpodacus mexicanus) of mixed sex and age (hatching and after hatching year) were collected in traps used for bird control at vineyards near BakersÞeld, Kern County, CA, during the summer of 2000. Finches were quarantined in a screened outdoor aviary for 2 wk before infection, where they were administered a mixture of metronidazole (400 mg/liter, Zenith Goldline Pharmaceuticals, Miami, FL), Terramycin (250 mg/liter, PÞzer Animal Products, Exton, PA), and piperazamide (7.5 g/liter, RX Veterinary Products, Grapevine, TX) through their drinking water in an attempt to eliminate natural bacterial and parasitic infections. Mixed birdseed (millet, sun ßower seeds, and sorghum) and water were constantly available and were supplemented intermittently with carrots and apples. Before experimentation, birds were weighed, banded, bled to determine previous virus and malaria infection, and transferred to small experimental cages.
Mosquitoes. The BakersÞeld laboratory colony of Culex tarsalis Coquillett established in 1953 was used throughout. Twenty 4 Ð 6-d-old females were aspirated into screened holding cartons and starved 12Ð18 h before being offered restrained Þnches during 1Ð2-h feeding trials. Later mosquitoes were anesthetized and the number of fully and partially engorged females enumerated.
Virus Strains. Birds were infected with either the Kern5547 strain of WEE (Togaviridae, Alphavirus) or the Kern217 strain of SLE (Flaviviridae, Flavivirus) viruses originally isolated from pools of Cx. tarsalis collected near BakersÞeld during 1983 and 1989, respectively, and were at Vero cell passage 1 or 2 at experimentation. Finches were infected by subcutaneous inoculation in cervical region with 0.1 ml containing either 2 or 3 log 10 PFU of WEE or SLE, respectively. These doses approximated the quantity of virus delivered by blood feeding Cx. tarsalis and subsequent viremia responses did not differ from infections by mosquito bite (Reisen et al. 2000a) .
Experimental Design. Birds were treated before, during, and/or after infection in three experiments each containing four groups of birds: (1) treatment ϩ virus, (2) no treatment ϩ virus (positive infection control), (3) treatment ϩ no virus (treatment control), and (4) no treatment and no virus (negative control). Treatments and samples were referenced by days before (minus) or after (plus) virus infection on day 0.
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Experiment 1 tested the effect of multiple mosquito bites on virus infection. Finches (n ϭ 26) were restrained for 1Ð2 h on days Ϫ2, Ϫ1, and 0 on the tops of cages each containing 20 Cx. tarsalis females. These mosquito numbers per bird approximated our catch size of Culex mosquitoes in lard can traps baited with domestic pigeons in residential Los Angeles (Reisen et al. 1990) or rural Kern County (Reisen et al. 1992) . The numbers of engorged mosquitoes were counted to estimate the "treatment dose" and were somewhat less than the 20 Ð30 bites per mouse per day used to potentiate Cache Valley virus infection (Edwards et al. 1998) .
In experiment 2, Þnches (n ϭ 33) were treated by injecting 0.18 mg of dexamethasone sodium phosphate (9 mg/kg, American Reagent Laboratories, Inc., Shirley, NY) into the pectoral muscle on days Ϫ3, Ϫ1, ϩ1, and ϩ3 infection and was based on immunosuppressive doses given previously to chickens (Isobe and Lillehoj 1993) .
In experiment 3, Þnches (n ϭ 30) were injected in the pectoral muscle with 2.50 and then 1.25 mg of Cytoxan (125 and 62.5 mg/kg, cyclophosphamide, Mead Johnson, Princeton, NJ) on days Ϫ3, Ϫ1, ϩ1, and ϩ3 infection and were based on immunosuppressive doses given previously to chickens (Fulton et al. 1996) . These doses were 6 and 3 times higher than administered intraperitoneally to immunosuppress European starlings (Trust et al. 1994 ). The 125-mg/kg dose initially produced excessive treatment-related mortality (i.e., all birds in treatment plus virus and treatment control died), and the experiment was repeated using the 62.5-mg/kg dose.
In each experiment, Þnches were bled by jugular puncture on days ϩ1 to ϩ4 to monitor viremia (0.1 ml blood into 0.4 ml of virus diluent), and then on weeks ϩ1, ϩ3, ϩ5 and ϩ7 to monitor antibody (0.1 ml blood into 0.9 ml saline). Thin blood Þlms were made before and after the Þnal treatment and then stained with WrightÕs stain. Plasmodium parasitemia was estimated by counting the number of infected erythrocytes observed within 100 Þelds at 1,500ϫ. Birds surviving Ͼ7 wk post infection were necropsied to determine chronic infection.
Assay Methods. Viral and serological assays were done under BL-3 conditions at the Davis Arbovirus Research Unit using procedures standardized during our previous experiments (Kramer et al. 2002 and described brießy below. Viremia titer was estimated by plaque assay on Vero cell culture. Antibody levels were estimated by enzyme immunoassay (EIA) and plaque reduction neutralization test (PRNT) (Chiles and Reisen 1998) . To be positive for antibody by EIA, the ratio of the mean optical density of two antigen positive wells over the antigen negative well had to exceed 2.0. To be positive by PRNT, sera had to inhibit the formation of Ͼ80% of plaques at a dilution of Ն1:20.
Necropsy tissues were tested for WEE and SLE RNA using RT-PCR. Approximately 30 mg (3 ϫ 3 mm section) of tissue (brain, lung, liver, spleen) was triturated in Trizol, and RT-PCR conducted using the OneStep RT-PCR Kit (Qiagen, Carlsbad, CA), according to manufacturer protocols. WEE-speciÞc primers, 2471 forward 5Ј TGTTATTCTGTTCCGCTGCTTT 3Јand 3055 reverse 5Ј CCCCTTTCTGATGACGAC-CTT 3Ј (Molecular Biology Insights, Cascade, CO), produced a 584-bp fragment of the E1 WEE genome. For SLE, samples were tested initially by amplifying the E region of the viral genome with primers 1500v forward and 2315c (Kramer et al. 2002) and veriÞed by a second ampliÞcation of the NSP1 and NSP2 region with primers 3353f 5Ј-CGTCACTGCGCACAAC-CACA-3Ј and 4216r 5Ј-TCGCCGGCCAACTC-CTTTTC-3Ј (DNAStar, Madison, WI). Positive samples were sequence veriÞed using primer 2132r 5Ј-GTGCCTCTTCCGACGACGATGTA-3Ј for E region products or primer 3417f 5Ј-CTTGCCACCACTGC-GATACACC-3Ј (DNAStar Inc.) for NSP1 and NSP2 products. Sequencing was conducted on a model 377 XL automatic sequencer and Big Dye Terminator Cycle Sequencing Kits (Applied Biosystems, Foster City, CA) per manufacturer instructions, analyzed with SeqMan software (DNAStar), and aligned using SLE sequences from GenBank. Tissues positive by RT-PCR also were tested for infectious virus by plaque assay on Vero cells and passed blindly in C6/36 Aedes albopictus cell culture and then tested on Vero cell culture.
Results
Despite medication during the 2Ð3-wk quarantine periods before experimentation, our studies were compromised by house Þnch mortality after immunosuppressive treatments that enhanced acute encephalitis virus infection and/or gave rise to a variety of opportunistic co-infections. Four of the 62 Þnches dying during our experiments were submitted for complete necropsy to H.L. Shivaprasad, CA Animal Health and Food Safety Laboratory, University of California, Davis, CA. Three of the Þnches had ulcerative esophagitis and ingluvitis associated with a Trichomonas sp. infection (St. Leger and Shivaprasad 1998) , whereas a fourth had severe hemorrhagic enteritis and vascular thrombosis. Aerobic culture of the intestinal contents from the fourth Þnch yielded Enterococcus faecium. At necropsy, most surviving Þnches exhibited enlarged dark red spleens, and several that died early in the experiments showed extensive bleeding within the alimentary tract. As indicated below, many Þnches were infected naturally with Plasmodium. Schizonts and gametocytes morphologically resembled P. circumflexum, P. elongatum, and P. relictum (Hewitt 1940) , all of which have been reported to infect house Þnches in Kern County (Herman et al. 1954) . SpeciÞc identiÞcations could not be made for slight infections that only had trophozoites present, and therefore infection and parasitemia data were reported as Plasmodium species. Experiment 1. All 38 birds used in experiment 1 lacked WEE or SLE EIA antibodies at prebleed. Before infection, Þnches within treatment groups each were exposed to 60 Cx. tarsalis females over 3 d, of which 8 Ð37 blood fed per bird. The number of mos-quitoes probing, but not blood feeding, was not recorded. There were no statistical differences (P Ͼ 0.05) in the mean number of mosquitoes blood feeding per bird per day among treatment groups or days of exposure when tested by an analysis of variance (ANOVA) ( Table 1) . When tested by ANOVA blocked by bleed days 1Ð 4 after infection, there were no statistical differences (P Ͼ 0.05) in mean WEE or SLE viremia titers among birds infected with virus that were or were not fed upon by mosquitoes (Fig. 1) . Survival was low among both treated and untreated birds in the WEE infection and Ͻ50% of virus infected or treated birds survived the Þrst week after infection. In contrast, 5 of 10 treated and SLE-infected birds and all control groups survived until necropsy 7 wk post infection.
All birds infected with virus and surviving Ͼ3 wks were positive for antibody (Table 1 ). The antibody response among surviving SLE infected birds was not altered by mosquito bites, because both EIA and PRNT antibodies peaked at the same time and titer as did untreated virus infected controls.
There were no signiÞcant differences (P Ͼ 0.05) in Plasmodium prevalence or parasitemia among treatment groups (Table 2 ). The overall proportion of Þnches with positive blood Þlms did not differ significantly (P Ͼ 0.05) pre (0.24, n ϭ 24) and post (0.24, n ϭ 17) exposure to mosquitoes.
Four birds that were treated and infected with WEE and died between days 9 Ð14 post infection were RT-PCR positive. At necropsy 7 wk post infection, one of Þve birds in the SLE and mosquito treatment group was positive by RT-PCR; an additional two birds infected with SLE and dying during week 3 post infection also were positive. All controls were negative. Experiment 2. All 45 birds lacked WEE or SLE EIA antibodies at prebleed. Intramuscular injections of dexamethasone signiÞcantly enhanced both WEE and SLE infection in house Þnches and reduced survivorship (Table 3) . When tested by two-way ANOVA, mean WEE viremia differed signiÞcantly among steroid treatments (F ϭ 13.6; df ϭ 1, 58; P Ͻ 0.01) and time post infection (F ϭ 23.1; df ϭ 3, 58; P Ͻ 0.001). The interaction effect was not signiÞcant (P Ͼ 0.05), indicating that although the mean WEE viremia of the steroid treated group was signiÞcantly greater than the untreated control, the pattern over the 4-d viremia period was similar, with peak titers observed on day 2 post infection ( Fig. 1) . Similar results were seen with SLE, with both steroid treatment (F ϭ 44.9; df ϭ 1, 52; P Ͻ 0.001) and time post infection (F ϭ 9.1; df ϭ 3, 52; P Ͻ 0.001) effects highly signiÞcant. Steroid treatment also lengthened the SLE viremia through day 4, resulting in a signiÞcant interaction effect (F ϭ 7.4; df ϭ 3, 52; P Ͻ 0.001) (Fig. 1) .
Although every infected bird developed antibodies detectable by both EIA and PRNT, steroid treatment altered the level and timing of the antibody response (Table 3 ). In the WEE infection, although the inverse of the geometric mean PRNT titer (GMT) for the 
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steroid treated group (13.3) was not signiÞcantly different (P Ͼ 0.05) from the untreated controls (9.1), the time (F ϭ 3.78; df ϭ 3, 32; P Ͻ 0.02) and treatment by time interaction (F ϭ 6.92; df ϭ 3, 32; P Ͻ 0.001) effects were signiÞcant, indicating that the GMT peaked signiÞcantly later in treated than untreated birds. The pattern of the antibody response in the SLE infection differed markedly from WEE infection, with the overall PRNT GMT signiÞcantly greater (F ϭ 9.06; df ϭ 3, 27; P Ͻ 0.001) for treated (19.4) than untreated (4.9) Þnches and increasing earlier during weeks 3 and 5.
Although steroid treatment appeared to enhance virus infection and alter the antibody response, there were no signiÞcant differences (P Ͼ 0.05) in Plasmodium prevalence or parasitemia among treatment groups ( Table 2 ). The overall proportion of Þnches with positive blood Þlms did not differ signiÞcantly ( 2 ϭ 0.23, P Ͼ 0.05) pre (0.67, n ϭ 33) and post treatment (0.56, n ϭ 18).
Although steroids enhanced acute infection, no WEE and only one treated and SLE-infected Þnch was RT-PCR positive at necropsy after week 7. In addition, one positive control and three additional birds dying Ͻ14 d post infection were positive at necropsy (Table  3) . Experiment 3. All 55 birds lacked WEE or SLE EIA antibodies at prebleed. Although we previously had treated adult house Þnches with a series of four daily injections of 50 mg/kg of cyclophosphamide (Reisen et al. 2001 ) without mortality, the higher dose in the current study in combination with virus infection and perhaps repeated blood sampling killed 79% of WEE and all SLE infected Þnches; 11 of 12 control birds not treated with cyclophosphamide (including six of six virus-infected birds) survived the 8-wk experiment (Table 4) . Therefore, the experiment was redone using one half the dose (62.5 mg/kg) and survival improved to 14 of 20 virus infected and Þve of six uninfected cyclophosphamide-treated controls. Mean WEE viremia was signiÞcantly greater for treated than untreated infected birds for both the high (F ϭ 31.6; df ϭ 3, 37; P Ͻ 0.001) and low (F ϭ 7.11; df ϭ 3, 37; P Ͻ 0.001) doses. The high, but not the low, dose also extended the viremia period through day 4 (Fig. 1) . SLE viremia was elevated signiÞcantly (F ϭ 13.3; df ϭ 3, 36; P Ͻ 0.001) and elongated to day 4 post infection (interaction, F ϭ 4.2; df ϭ 3, 36; P ϭ 0.012) for treated compared with untreated infected Þnches (Fig. 1) .
Treatment with the low dose of cyclophosphamide did not signiÞcantly alter the antibody response for Þnches infected with either WEE or SLE (Table 4) . However, Þnches were immunosuppressed by cyclophosphamide treatment, because Plasmodium prevalence and parasitemia increased signiÞcantly post treatment (Table 2) . Among treated birds, malaria prevalence increased from 0.39 (n ϭ 26) pretreatment to 0.71 (n ϭ 17) post treatment ( 2 ϭ 3.1, P ϭ 0.08), and parasitemia increased signiÞcantly from a mean of 4.4 infected cells per 100 Þelds pretreatment to 56.5 cells per 100 Þelds post treatment (F ϭ 5.77; df ϭ 1, 35; P ϭ 0.02). Similar to steroid injections, none of six treated or WEE-infected birds developed chronic infections. In contrast, three of eight treated and SLE-infected Þnches and none of three SLE-infected control birds developed chronic infections.
Chronic Infections. In all three experiments, tissues from only 1 of 16 treated and 0 of 6 untreated birds infected with WEE were positive by RT-PCR when tested 7Ð 8 wk post infection (Table 5 ). Our RT-PCR methods repeatedly detected WEE RNA in birds dying Յ14 d post infection. In contrast, treatments in experiments 1Ð3 enhanced SLE chronic infections from 14.3% (n ϭ 7) among untreated birds to 23.8% (n ϭ 21) among treated birds. These infections were RT-PCR positive by screening and conÞrmatory primers and then produced sequences consistent with SLE sequences published in GenBank. In addition, 7 of 8 chronic SLE infections produced positive Vero cell plaque assays after blind passage through C6 Ð36 cell cultures, indicating that infectious SLE was present in infected tissues or that passage through mosquito cells transformed noninfectious RNA to infectious virus. The kidney was the most frequently infected organ, followed by the spleen and lung; viral RNA was never detected in sera samples indicating that virus was not circulating within the blood stream when birds were sacriÞced.
Discussion
Immunosuppression before and after infection enhanced the impact of WEE and SLE on house Þnches by increasing mortality as well as the level and duration of the viremia when compared with virus positive controls. Our avian host competence studies using similar infection protocols and the same strains of WEE and SLE, but without immunosuppression, rarely have resulted in mortality. Unfortunately, it was not possible to measure the viremia level at death and we did not determine pathology among birds dying during the experiment, although all infected birds dying Ͻ14 d post infection and tested by RT-PCR were highly positive for WEE or SLE. Possibly the most heavily infected individuals or those most heavily co-infected with other pathogens, such as Trichomonas and Plasmodium, succumbed to infection. Therefore, mortality may have reduced mean viremia titers and perhaps the frequency of chronic infections by eliminating the most acutely ill birds from our estimates.
The three treatments produced very different results. Mosquito bites minimally altered the infection process, agreeing with our previous studies that found no signiÞcant differences between encephalitis virus infection delivered by mosquito bite versus infection delivered by needle inoculation (Reisen et al. 2000a ). These results with birds and encephalitis viruses differed from previous research, in which infection of laboratory mice with Cache Valley virus (Edwards et al. 1998 ) and vesicular stomatitis virus (Limesand et al. 2000) was enhanced by mosquito bites or salivary gland extracts, and disagreed with the idea that vector delivery of parasites is necessary to study host competence and infection (Randolph and Nuttall 1994) . Although the numbers of mosquito bites per bird in our experiment was lower than the 20 Ð30 used on suckling mice (Edwards et al. 1998 ), this biting pressure did agree with our summer catches of Cx. tarsalis in lard ban traps baited with domestic pigeons (Reisen et al. 1992) .
In contrast with mosquito bites, cyclophosphamide injections dramatically enhanced Þnch infections with WEE and SLE and triggered signiÞcant increases in the prevalence and parasitemia from natural Plasmodium infections. The synergistic effect of treatment concurrent with virus infection was indicated by the high mortality rate among Þnches treated with the high dose of cyclophosphamide (125 mg/kg). Enhancing the acute phase of infection increased the frequency of chronic infection in birds infected with SLE, but not with WEE. These results were unexpected, because previous studies had detected chronic infections of WEE, but not SLE, in passeriform birds , and our unpublished host competence studies have found similar low levels of WEE and SLE chronic infection. Cyclophosphamide has been found to alter B and T cell populations (Russell et al. 1997) , general hematology (Fulton et al. 1996) , and suppress immune function (Trust et al. 1994) in birds. In mice, cyclophosphamide eliminated the neutralizing antibody response allowing infection with Junin virus (Barrios et al. 1985) and potentiated encephalitis with WN (Camenga et al. 1974 ). In our study, birds clearly were immunosuppressed as indicated by the relapse of malaria infections, some of which were not detected pretreatment. Unexpectedly, both EIA and PRNT antibody response levels were comparable in treated and untreated control birds by seven days post infection and four days after the last cyclophosphamide injection. Therefore, it was not clear exactly how cyclophosphamide treatments enhanced WEE and SLE infection in house Þnches. Blind passage was done in C6/36 cells for chronic infections and included some birds dying before the end of the experiment.
Dexamethasone enhanced and lengthened both WEE and SLE viremias and altered the antibody response, although not in a consistent manner. Increases in PRNT titers were delayed signiÞcantly after WEE infection, but rose more rapidly after SLE infection than in untreated control birds. Previously, enhanced infection of parasites in chickens was related to the suppression of cell-mediated immunity (Isobe and Lillehoj 1993) . Interestingly, steroid treatments were used to stimulate the relapse of latent infections of P. relictum in house sparrows (Applegate 1970) , although in the current study, they seemed to have little effect upon malaria prevalence and parasitemia.
In conclusion, cyclophosphamide was shown to have promise as an immunosuppressive agent that enhanced acute WEE and SLE infection and increased the frequency of SLE chronic infection. Eliminating natural infectious agents from wild caught birds seems imperative for future experimentation to preclude excessive mortality and perhaps immunological confoundment. Our attempts to do this by limiting house Þnches to water medicated with a mixture of antibiotics was not effective. Using the correct dosage also was critical to allow immunosuppression without increasing mortality. Experiments that are now underway are using this agent in an attempt to increase the frequency of chronic infections and to stimulate relapses in house Þnches and mourning doves.
